Abstract: Detection of dissolved methane and volatile hydrocarbons in water is a problem met in leakage localization during exploitation of underwater pipelines, oil and oil product spill over water surface, geological exploration work for the localization of oil and gas fields under water, etc. This problem can be solved by the application of detection system based on tubular selective membrane permeable for volatile organics and impenetrable for liquid water. Carrier gas (air) flowing through this tube is saturated with dissolved gas and then gas concentration is measured using semiconductor or other gas sensor. The system prototype was tested under laboratory conditions and demonstrated low limit of gas detection (~20 ppb by mass of dissolved methane in water) and short response time (~10 s).
Introduction
The online detection of the concentration of hydrocarbons and, in particular, methane dissolved in water is an important problem. It is met in many cases, for ecological monitoring of the state of water sources, in the detection of leakage from gas and oil pipelines, one of very important applications of such system could be the discovery and delimitation of oil and gas fields. The last task is actual, because it is known that in gas and oil field there is leakage on the periphery of the field and in the middle of gas/oil containing structures.
In the moment, there are no simple and inexpensive instruments able to monitor the concentration of diluted oil and gas in water. The method, which is now in official use [1] (DIN ISO 9377-2: 2000) consists in the extraction of diluted hydrocarbons from water using organic solvent and further off-line analysis using laboratory methods, for example chromatography. Situation in Russian Federation is, in general, not better than in other countries. According to official documents, gas extraction chromatographic analysis of vapor phase requires approximately 1.8 man-hours for each analysis of probe.
The method, which was suggested in [2] , consists in the application of small size spectrometer of mass dipped to water. The gas probing is performed using membrane unit. This instrument enables precise analysis of hydrocarbons and other gases, but this spectrometer is a bulky instrument, and can not be used in mass water analysis and monitoring systems.
We present the results of the prototyping of a system [3] including tubular pervaporation membrane, used for the separation of volatile organics from water, and gas sensor unit. The application of blown-trough pervaporation membrane in a combination with gas sensor used for the measurement of methane enables on-line analysis of dissolved gases in water, permits the miniaturization of all system, especially compared to the application of spectrometer of mass. The results presented in this publication are based on our previous data [4] , where we optimized the structure of pervaporation membrane used for the separation of dissolved gas from water.
Experiment
The scheme of the system used for the determination of the concentration of hydrocarbons dissolved in water is presented in Figure 1 ; photo of cell consisting of tubular pervaporation membrane dipped in water is given in Figure 2 . The system consists of tubular membrane permeable for volatile organics and impermeable for liquid water connected to gas sensor cell. The membrane is permeable as well for water vapor, therefore relative humidity of carrier gas in all experiments is close to 100%. Carrier gas flowing through the tube is saturated with volatile organics; volatile organics concentration in carrier gas (purified air) is measured in on-line regime with gas sensor. The membrane is made of porous ceramics; it is hydrophobized by impregnation with fluoropolymer solution or by deposition of thin layer (thickness 300 nm) of polytetrafluoroethylene (PTFE), obtained by electron beam dispersion of solid polymer in vacuum (Figure 3, [5] ). In the case of hydrophobization by impregnation, we used fluoroorganic compounds presented in Figure 4 . Hydrophobization was performed by complete immersion of porous tube to the hydrophobic liquid. Hydrophobization was completed after 1 h; then, the tube was dried at room temperature for 2 h and at 100°C for 1 h.
The hydrophobic molecules are bonded to the surface of the tube material (Al2O3) by ethoxyl groups enabling perfect adhesion of the coating to the surface of the ceramic material. The thickness of hydrophobic coating corresponds to the size of molecule (single molecule coating) and equals~2 nm. 
Results and Discussion
The measurements of the gas response of the system were performed using setup presented in Figure 1 . We used membrane unit consisting of 6 ceramic tubes (1 cm in diameter and 10 cm long) connected in series. The gas flow was varied in a large range enabling carrier gas residence time in membrane unit from 10 to 250 s.This residence time influences, obviously, the saturation of gas with methane dissolved in water ( Figure 5 ). In these experiments we used porous ceramic tube with pore size of 10 μm, and the same ceramic tube, coated with additional nanocrystalline titania layer with 100 nm pore size.
The sensor response as function of methane concentration in air bubbling through water is presented in Figure 6 . The size of pores in porous ceramic tube affects the diffusion of gas through the tube wall. Further optimization of the system will be directed to decrease in thickness of the selective membrane wall and tube diameter, improvement of hydrophobic properties of the membrane to give possibility of on-line determination of volatile hydrocarbon concentration in water. 
Conclusions
We developed a prototype of underwater analytical system consisting of tubular pervaporation membrane and gas sensor. Carrier gas flowing through the tube and sensor chamber is saturated with gas analyte and detected by gas sensor. Detection limit of such system can reach ~20 ppb (by mass) at the detection of methane concentration in water. 
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